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(54) improvements in or relating to rotary drill bits 

(57) A rotary drill bit for use in drilling or coring deep holes in subsurface formations comprises a bit body 10 having a 
shank for connection to a drill string and a plurality of cutting elements 15 mounted at the surface of the bit body. Each 
cutting element 15 is bonded to a stud 19 which is received in a socket In the bit body. Spaced reanwardly of each cutlmg 
element is a separate abrasion element comprising a stud 20 which is received in a socket in the bit body 10 and Is 
impregnated with particles 21 of natural or synthetic diamond. The abrasion element 16 provides a back-up in the event of 
failure or excessive wear of the cutting element and its spacing from the cutting element prevents the damaging transfer of 
heat from the abrasion element 16 to the cutting element 15. The cooling may be enhanced by providing a channel 23 for 
drilling fluid between the cutting elenient and abrasion element. 
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" Iniproveinents in or relating to Rotary Drill Bits " 

The invention relates to rotary drill bits for 
use in drilling or coring deep holes in subsurface 
formations, and of the kind comprising a bit body having 
5 a shank for connection to a drill string, a plurality of 
cutting elements mounted at the surface of the bit body, 
and a passage in the bit body for supplying drilling fluid 
to the surface of the bit body for cooling and/or cleaning 
the cutting elements, at least some of the cutting 

10 elements each comprising a preform cutting element having 
a superhard front cutting face. The invention is 
particularly, but not exclusively, applicable to drill bits 
of this kind in which the cutting elements comprise 
preforms having a thin facing layer of polycrystalline 

15 diamond bonded to a backing layer of tungsten carbide. 
Various methods may be used for mounting such cutting 
elements on the bit body but such methods, and the general 
construction of bits of the kind to which the invention 
relates, are well known and will not therefore be described 

20 in detail. 
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When drilling deep holes in subsurface 
rririnaUions, ib often occurs that the drill passes through 
"* n comparatively soft formation and strikes a significantly 

hordoi' formation. Also there may be hard occlusions within 
f) a generally soft formation. Wlien a bit using preform 

cuUterG meets such a hard formation the cutting elements 
niny ho nubjectecl to very rapid wear. 

In order to overcome this problem it has been 
proposed to provide, immediately adjacent the rearward side 
10 of at least certain of the cutting elements, a body of 

material impregnated with natural diamond. For example, 
in the case where the bit body is a matrix material formed 
by a powder metallurgy process, it is known to mount each 
cutting element on a hard support which has been cast or 
15 bonded into the material of the bit body and in one such 
arrangement the hard support has been impregnated with 
diamond. 

With such an arrangement, during normal operation 
of the drill bit the major portion of the cutting or 

20 abrading action of the bit is performed by the cutting 

elements in the normal manner. However, should a cutting 
element wear rapidly or fracture, so as to be rendered 
ineffective, for example by striking hard formation, the 
diamond-impregnated support on which the element is 

25 mounted takes over the abrading action of the cutting 

element thus permitting continued use of the drill bit. 
Provided the cutting element has not fractured or failed 
completely, it may resume some cutting or abrading action 
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when tlie drill bit passes once more into softer formation. 

A serious disadvantage of such an arrangement is 
Lhal abrasion of the diamond-impregnated support against 
tho formation generates a great deal of heat and the 
resultant liigh temperature to which the adjacent cutting 
element is subjected tends to cause rapid deterioration 
and failure of the cutting element and/or its attachment 
It) llxe support. The present invention therefore sets out 
to provide arrangements in which this disadvantage is 
reduced or overcome. 

According to the invention, a rotary drill bit 
for use in drilling or coring deep holes in subsurface 
formations comprises a bit body having a shank for 
connection to a drill string, a plurality of cutting 
elements mounted at the surface of the bit body, and a 
passage in the bit body for supplying drilling fluid to 
the surface of the bit body for cooling and/or cleaning 
of the cutting elements, at least some of the cutting 
elements each comprising a preform cutting element having 
a superhard front cutting face, there being spaced from at 
least certain of said cutting elements, with respect to 
the normal direction of rotation of the bit, an abrasion 
element comprising particles of superhard material, such 
as natural or synthetic diamond, embedded in a carrier 
element mounted on the bit body.. Preferably each abrasion 
element is spaced rearwardly of its associated cutting 
element, with respect to the normal direction of rotation. 

The abrasion elements may be so positioned with 
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respect to the leading surface of the drill bit that they 
df) riol; come into cutting or abrading contact with the 
TonnaLion until a certain level of wear of the cutting 
cloincntG is reached. 

Preform cutting elements are susceptible to 
f^i'ooLor wear and risk of failure as their temperature 
rises, and by spacing the abrasion elements from the 
cubting elements overheating of the cutting elements and/ or 
their attacliments to the bit body, due to engagement of 
the abrasion elements with the formation, may be kept to 
a minimum. A waterway for drilling fluid may be provided 
in the surface of the drill bit between the cutting 
elements and abrasion elements to minimise transfer of heat 
to the cutting elements. 

The particles of superhard material may be 
embedded throughout the carrier element and/or may be 
embedded in the surface of the carrier element so as to 
project therefrom. The carrier element may be formed from 
cemented tungsten carbide. 

The carrier element may comprise a stud received 
in a socket in the bit body. For example the stud may be 
substantially cylindrical and have an end face which is 
exposed at the surface of the bit body when the stud is 
received in its socket. 

The abrasion elements may be arranged in any 
configuration with respect to the cutting elements, but 
preferably each abrasion element which is spaced rear- 
wardly of an associated cutting element is located at 
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substantially the same radial distance from the axis of 
rotation of the bit as its associated cutting element. 
This ensures that the abrasion element provides a precise 
back-up for the cutting element. 
5 Each cutting element may be mounted directly on 

Uio bit body, for example by being bonded thereto. 
Alternatively, each cutting element may be mounted on a 
cni'i'ler, such as a stud, which is received in a socket in 
the bit body. 

10 There may be provided on the surface of the bit 

body, in generally knovni manner, a plurality of blades 
extending outwardly with respect to the axis of rotation 
of the drill bit, and in this case each cutting element 
and its associated abrasion element may be mounted on the 

15 same blade, but spaced apart with respect to the direction 
of rotation of the bit. 

As previously mentioned, each cutting element 
may be a preform comprising a thin hard facing layer 
bonded to a less hard backing layer. Alternatively each 

20 cutting element may comprise a preformed unitary layer of 
thermally stable polycrystalline diamond material. 

The invention also includes within its scope a 
rotary drill bit for use in drilling or coring deep holes 
in subsurface formation, comprising a bit body having a 

25 shank for connection to a drill string, a plurality of 
preform cutting elements mounted at the surface of the 
bit body, and a passage in the bit body for supplying 
drilling fluid to the surface of the bit for cooling and/ 
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or cleaning the cutting elements, the bit body being 
ffirmod from steel, and each cutting element being mounted 
o\\ a stud received in a soclcet in the steel bit body, the 
sLud including, rearwardly ol the cutting element with 
respect to the normal direction of rotation of the bit, 
particles of superhard material embedded in the stud, at 
looGt the portion of the stud which includes the particles 
of siii)ei'hard material projecting clear of the bit body 

In such an arrangement, since both the cutting 
element and the portion of the stud containing the 
abrasion particles project clear of the bit body, the 
projecting portion of the stud will be subjected to cooling 
by the drilling fluid, thus reducing the heat transfer to 
the cutting element. 

The invention also includes within its scope a 
rotary drill bit for use in drilling or coring deep holes 
in subsurface formations, comprising a bit body having a 
shank for connection to a drill string, a plurality of 
preform cutting elements mounted at the surface of the bit 
body, and a passage in the bit body for supplying drilling 
fluid to the surface of the bit body for cooling and/or 
cleaning the cutting elements, the bit body being formed 
from steel, and each preform cutting element comprising a 
unitary layer of thermally stable, polycrystalline diamond 
material bonded to a carrier received in a socket in the 
steel body of the bit. 

The following is a more detailed description of 
embodiments of the invention, reference being made to the 
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cnccornpanying drawings in which: 

Figures 1 and 2 are front end views of rotary 
(Ir'ill bits according to the invention, 

Figure 3 is a diagrammatic section through a 
5 cutting element and associated abrasion element. 

Figure 4 is a front view of an abrasion element, 

and 

Figures 5 to 7 are similar views to Figure 3 of 
alternative arrangements • 

10 The rotary bit body of Figure 1 has a leading end 

face 10 formed with a plurality of blades 11 upstanding 
from the surface of the bit body so as to define between 
the blades channels 12 for drilling fluid. The channels 
.12 lead outwardly from nozzles 13 to which drilling fluid 

15 passes through a passage (not shown) within the bit body. 
Drilling fluid flowing outwardly along the channels 12 
passes to Junk slots 14 in the gauge portion of the bit. 

Mounted on each blade 11 is a row of cutting 
elements 15. The cutting elements project into the 

20 adjacent channel 12 so as to be cooled and cleaned by 

drilling fluid flowing outwardly along the channel from 
the nozzles 13 to the Junk slots 14, Spaced rearwardly 
of the three or four outermost cutting elements on each 
blade are abrasion elements 16. In the arrangement shown 

25 each abrasion element lies at substantially the same 

radial distance from the axis of rotation of the bit as 
its associated cutting element, although other configura- 
tions are possible. 
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Figure 2 shows an alternative and preferred 
arrangement in which some of the nozzles are located 
nil.incenl the gauge region of the drill bit, as indicated 
nL ]ya in Figure 2. The flow from such a peripheral 
5 nozzle passes tangentially across peripheral portions of 
Lho leading face of the bit to the Junk slots 14, thus 
ensuring a rapid and turbulent flow of drilling fluid over 
Lhe intervening abrasion and cutting elements so as to 
cool and clean them with efficiency. 

10 In either of the arrangements described, the 

cutting elements 15 and abrasion elements 16 may be of many 
different forms, but Figure 3 shows, by way of example, 
one particular configuration. 

Referring to Figure 3, it will be seen that 

15 each cutting element 15 is a circular preform comprising 
a front thin hard facing layer 17 of poly crystalline 
diamond bonded to a thicker backing layer 18 of less hard 
material, such as tungsten carbide. The cutting element 
15 is bonded, in known manner, to an inclined surface on 

20 a generally cylindrical stud 19 which is received in a 
socket in the bit body 10. The stud 19 may be formed 
fi?om cemented tungsten carbide and the bit body 10 may be 
formed from steel or from matrix material. 

Each abrasion element 16 also comprises a 

25 generally cylindrical stud 20 which is received in a 

socket in the bit body 10 spaced rearwardly of the stud 
19. The stud 20 may be formed from cemented tungsten 
carbide impregnated with particles 21 of natural or 
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synthetic diamond or other superhard material. The 
superhard material may be impregnated throughout the body 
o.r the stud 20 or may be embedded in only the surface 
portion thereof. 

5 Referring to Figure it will be seen that each 

abrns.loti element 16 may have a leading face which is 
generally part-circular in shape. 

The abrasion element 16 may project from the 
surface of the bit body 10 to a similar extent to the 

10 cutting element, but preferably, as shown, the cutting 
element projects outwardly slightly further than its 
associated abrasion element, for example by a distance 
in the range of from 1 to 10mm. Thus, initially before 
any significant wear of the cutting element has occurred, 

15 only the cutting element 15 engages the formation 22, and 
the abrasion element 16 will only engage and abrade the 
formation 22 when the cutting element has worn beyond a 
certain level, or has failed through fracture. 

In the arrangement shown, the stud 20 of the 

20 abrasion element is substantially at right angles to the 
surface of the formation 22, but operation in softer 
formations may be enhanced by inclining the axis of the 
stud 20 forwardly or by inclining the outer surface of 
the abrasion element away from the formation in the 

25 direction of rotation. 

In order to improve the cooling of the cutting 
elements and abrasion elements, further channels for 
drilling fluid may be provided between the two rows of 
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elements as indicated at 23 in Figure 3- 

Although the abrasion elements 16 are preferably 
rMJacod from the cutting elements 15 to minimise heat 
Lrnnsfer from the abrasion elemenl: to the cutting element, 
the invention also includes within its scope arrangements 
in wliicli the bit body is formed from steel and each 
nhrnrJo!! clement is incorporated in the support stud for 
a cutting element. Such arrangements are shown in 
Figures 6 and 7. In the arrangement of Figure 6 particles 
of diamond or other superhard material are impregnated 
into the stud 19 itself rearwardly adjacent the cutting 
element 15, In the alternative arrangement shown in 
Figure 7, a separately formed abrasion element impregnated 
with superhard particles is included in the stud. 

Any known form of cutting element 15 may be 
omployed and the invention includes in its scope 
arrangements where the cutting element is mounted directly 
on the bit body, or on another form of support in the bit 
body, rather than on a cylindrical stud such as 19. 

As previously mentioned, arrangements are known 
in which cutting elements are mounted directly on diamond- 
impregnated supports cast or bonded into the material of 
the bit body. In such arrangements it has been the 
practice to braze the cutting elements on to the supports 
after the supports have been mounted in the bit body. 
Soft brazing is carried out at comparatively low 
temperature, to prevent thermal damage to the cutting 
elements, and the bond thus formed is therefore particularly 
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susceptible to weakening as a result of substantial heat 
transfer from the diamond- impregnated support. In such 
rnr.ori, l.horefore, tliere is a tendency for the bond to 
fail, leading to detachment of the cutting element, before 
5 the cutting element itself is seriously affected. 

According to another aspect of the invention, 
therefore, it is proposed to bond the cutting element to 
n dinmond-impregnated support before the support is mounted 
in the bit body. This enables the cutting elements to be 

10 bonded to the support by the process knovm as LS bonding 
or by diffusion bonding, which produces a bond which is 
much less susceptible to deterioration or failure due to 
heat transfer. 

Figure 5 shows an arrangement where the cutting 

15 element 2k is in the form of a umitary layer of thermally 
stable polycrystalline diamond material bonded without a 
backing layer to the surface of a stud 25, for example 
of cemented tvmgsten carbide, which is received in a socket 
in a bit body 26 which in this case is formed from steel. 

20 In accordance with the present invention, an abrasion 

element 27 is spaced rearwardly of each cutting element 
24, but it will also be appreciated that the form of 
cutting element shown in Figure 5 may also be used in any 
conventional manner in a steel body bit without the 

25 additional abrasion elements in accordance with the present 
invention. 
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CLAIMS 

1. A rotary drill bit for use in drilling or 
coring deep holes in subsurface formations, comprising a 
bit body having a shank for connection to a drill string, 

5 a plurality of preform cutting elements mounted at the 
surface of the bit body, and a passage in the bit body for 
supplying drilling fluid to the surface of the bit for 
cooling and/or cleaning the cutting elements, the bit body 
being formed from steel, and each cutting element being 

LO mounted on a stud received in a socket in the steel bit 
body, the stud including, rearwardly of the cutting 
element with respect to the normal direction of rotation 
of the bit, particles of superhard material embedded in 
the stud, at least the portion of the stud which includes 

15 the particles of superhard material projecting clear of 
the bit body. 

2. A rotary drill bit for use in drilling or 
coring deep holes in subsurface formations comprising a 
bit body having a shank for connection to a drill string, 

20 a plurality of cutting elements mounted at the surface of 
the bit body, and a passage in the bit body for supplying 
drilling fluid to the surface of the bit body for cooling 
and/or cleaning of the cutting elements, at least some of 
the cutting elements each comprising a preform cutting 

25 element having a superhard front cutting face, there being 
spaced from at least certain of said cutting elements, 
with respect to the normal direction of rotation of the 
bit, an abrasion element comprising particles of superhard 
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material embedded in a carrier element mounted on the bit 
body. 

3. A drill bit according to Claim 2, wherein the 
bit body is formed from steel. 

4. A drill bit according to Claim 2, wherein the 
bit body is formed from matrix material, 

5. A drill bit according to any of Claims 2 to 4, 
wherein each preform cutting element comprises a thin 
facing layer of superhard material bonded to a less hard 
backing layer. 

6. A drill bit according to any of Claims 2 to 4^ 
wherein each preform cutting element comprised a unitary 
layer of thermally stable polycrystalline diamond 
material. 

7. A drill bit according to any of Claims 2 to 6, 
wherein the abrasion element is spaced rearwardly of its 
associated cutting element, with respect to the normal 
direction of rotation. 

8. A drill bit according to any of Claims 2 to 7, 
wherein the abrasion elements are so positioned with 
respect to the leading surface of the drill bit that they 
do not come into cutting or abrading contact with the 
formation until a certain level of wear of the cutting 
elements is reached. 

9. A drill bit according to any of Claims 2 to 8, 
wherein a waterway for drilling fluid is provided in the 
surface of the drilling bit between the cutting elements 
and abrasion elements to minimise transfer of heat to the 
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cutting elements. 

10. A drill bit according to any of Claims 2 to 9^ 
wherein the particles of superhard material in each 
abrasion element are embedded throughout the carrier 

5 element. 

11. A drill bit according to any of Claims 2 to 

10, wherein the particles of superhard material in each 
abrasion element are embedded in the surface of the 
carrier element so as to project therefrom. 

10 12. A drill bit according to any of Claims 2 to 

11, wherein the carrier element is formed from cemented 
tungsten carbide. 

13. A drill bit according to any of Claims 2 to 

12, wherein the carrier element of each abrasion element 
15 comprises a stud received in a socket in the bit body. 

14. A drill bit according to Claim 13, wherein the 
stud is substantially cylindrical and has an end face 
which is exposed at the surface of the bit body when the 
stud is received in its socket. 

20 15. A drill bit according to any of Claims 2 to 

14, wherein each abrasion element which is spaced 
rearwardly of an associated cutting element is located at 
substantially the same radial distance from the axis of 
rotation of the bit as its associated cutting element. 

25 16. A drill bit according to any of Claims 2 to 

15, wherein each cutting element is mounted directly on 
the bit body. 

17. A drill bit according to any of Claims 2 to 


15, wherein each cutting element is mounted on a carrier 
received in a socket in the bit body. 

18. A drill bit according to any of Claims 2 to 

17, wherein there is provided on the surface of the bit 
5 body a plurality of blades extending outwardly with 
respect to the axis of rotation of the drill bit^ each 
cutting element and its associated abrasion element being 
mounted on the same blade, but spaced apart with respect 
to the normal direction of rotation of the bit. 

10 19. A rotary drill bit for use in drilling or 

coring deep holes in subsurface formations, comprising a 
bit body having a shank for connection to a drill string, 
a plurality of preform cutting elements mounted at the 
surface of the bit body, and a passage in the bit body for 

15 supplying drilling fluid to the surface of the bit body 
for cooling . and/or cleaning the cutting elements, the bit 
body being formed from steel, and each preform cutting 
element comprising a unitary layer of thermally stable, 
pblycrystalline diamond material bonded to a carrier 

20 received in a socket in the steel body of the bit. 

20. A rotary drill bit substantially as 

hereinbefore described with reference to the accompanying 
drawings . 

25 
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